INTRODUCTION
Synthetic dyes are widely used in the textile, paper, leather, fur and the printing industry for coloring their products. Dye wastewater must not get into the environment because many dyes have toxic (such as mutagenic, allergenic, and carcinogenic) effects on aquatic life and humans. Many methods have been employed to remove the dyes from wastewater [1] . These methods include precipitation, oxidation, coagulation, flotation, and adsorption. However, in all those methods the adsorption has a special place in dye removal because it is the most effective method for removal various dyes.
The full introduction of adsorption technology in to the practice of deep cleaning of dye wastewater is inhibited by high cost of activated carbons and by problems with their regeneration [2] . In recent years, attention of chemists has been focused on low-cost adsorbents (biosorbents) from agricultural waste. The agricultural countries have abundant source of straw, stalks, hulls, leaves etc. In Ukraine barley is the second cereal crop after wheat. Threshing of 1 ton of barley grain produces 1 ton of barley straw [3] . Jerusalem artichoke is used as industrial, forage, food, health crops and as a biomeliorant. 150 ton stalks per ha are formed after harvest Jerusalem artichoke tubers [4] .
Agricultural waste is partly used as roughage and bedding for cattle, a source of energy for home heating and power generation, a soil amendment that facilitates the formation of humus. Unclaimed agricultural waste is burned on the fields. This is the cause of origin of a number of environmental regional and even global problems: the humus layer burns down in the soil of 10 cm, microorganisms that transform plant residues are destroyed, the biological activity of the soil is reduced, emissions of carbon gas are increased, a risk of fires is appeared.
Barley straw and Jerusalem artichoke stalks are characterized by a unique chemical composition and can be successfully used as a cheap raw material for new adsorbents and as an alternative of activated carbons. These materials contain natural polymers. The composition of barley straw is as follows (wt. %) [5] : cellulose -34; lignin -14; hemicellulose -22, that of Jerusalem artichoke stalks being cellulose -28; lignin -17; hemicellulose -7(wt. %) [6] .
In this paper, barley straw and Jerusalem artichoke stalks were studied to determine their efficiency in removing dyes from their aqueous solutions. In order to increase the adsorption capacities of agricultural waste, these materials were modified by сetylpyridinium bromide (as biosorbents for anionic dye adsorption) and by citric acid (as those for cationic dye adsorption).
EXPERIMENTAL
Barley straw and Jerusalem artichoke stalks were obtained from Izmail district of Odessa region. These materials were dried at room temperature, milled into electrical universal grinder and sieved to retain the fraction  250 m. This fraction was used for preparing unmodified and modified biosorbents.
Ground barley straw and Jerusalem artichoke stalks were boiled in distilled water (at the ratio 1:20, w/v) for 1 h, washed to pH = 6.0 with distilled water and dried at 323 K until the constant weight. After this treatment the samples of biosorbents were designated: unmodified barley straw -BS, Jerusalem artichoke stalks -JAS.
BS and JAS were immersed in 0.5 mol/L citric acid (at the ratio 1:12, w/v) and stirred at 293 K for 24 h. Then reaction between citric acid and unmodified biosorbents was performed at 393 K for 90 min. After cooled down to the room temperature, the citric acid-esterifying biosorbents were washed to pH = 6 with distilled water and dried at 323 K until the constant weight. After modification by citric acid the samples of biosorbents were designated: modified barley straw -BS-C, Jerusalem artichoke stalks -JAS-C.
BS and JAS were immersed in 2.5 mmol/L сetylpyridinium bromide (at the ratio 1:20, w/v) and stirred at 293 K for 24 h. Then biosorbents were washed to pH = 6 with distilled water and dried at 323 K until the constant weight. After this modification by сetylpyridinium bromide the samples of biosorbents were designated: modified barley straw -BS-P, Jerusalem artichoke stalks -JAS-P.
Methylene Blue (MB) and Acid Red (AR) were supplied by Ukraine company «Fine organic synthesis plant «Barva AG»» and used without purification. The dye solutions were prepared by dissolving accurately weighted dyes in distilled water to the concentration of 110 -4 mol/L. Dyes characteristics are presented in Table 1 . Adsorption of dyes was performed in static conditions. Biosorbents (0.1 g) in 10 mL of dye solution was shaking at 115 rpm for 1 h (except specifically stated experiments). Dye concentration was determined spectrophotometrically after separation biosorbent.
The degree of dye adsorption removal was calculated by the formula
the adsorption of dyes was calculated by the formula
where C o -initial dye concentration; C -dye concentration after adsorption; m -mass of adsorbent; V -volume of the dye solution.
The pH measurements of dye solutions were made using a pH-meter (model EV-74 with a glass electrode). Series of dye solutions were prepared by adjusting pH over a rang of 2-10 using 1 M hydrochloric acid or sodium hydroxide solution to investigate the effect of pH on dye adsorption.
Barley straw and Jerusalem artichoke stalks were studied by FTIR spectroscopy before and after the modification. FTIR spectra were recorded on Perkin-Elmer Spectrometer using KBr pellets.
RESULTS AND DISCUSSION
The effect of pH of the dye solution on the amount of adsorbed dye was studied by varying the initial pH under constant process parameters.
As elucidated in Figure 1 a for BS and JAS the removal percentages of cationic dye were minimum at the initial pH = 2. The main functional group is hydroxyl for these biosorbents. With the Application of agriculture waste as biosorbents for dye removal from aqueous solutions ______________________________________________________________________________________________ increase of pH value the concentration of H + ions (that compete with the dye cation for the adsorption sites) decreased, the percentages of cationic dye adsorbed on BS and JAS gradually increased when the initial pH was increased from pH = 2 to pH = 10. BS-C and JAS-C have carboxyl groups -COOH (pK (-COOH)  5). When pH  5, carboxyl group is turned into non-ionic form, cationic dye adsorption is decreased. When pH  5, carboxyl group is turned into ionic form, cationic dye adsorption is increased.
For BS, BS-P, JAS and JAS-P the removal percentages of anionic dye were minimum at the initial pH  4 (Fig. 1 b) . It was believed that lower pH solution increases the positive charge on the adsorbent surface, which will attract the negatively charged functional groups located on the anionic dyes. When pH is increased, the amount of negatively charged sites on the adsorbent surface is also increased, thus the electrostatic interaction may be created between the adsorbent surface and dye anion. The effect of the biosorbent dosage on the dye adsorption was investigated at different masses of biosorbents. The adsorption efficiency was increased slightly with the increasing of added absorbent amount. The optimum dosage of biosorbents for the removal of all investigated dyes is equal to 10 g/L (Fig. 2) . Further increasing of adsorbent dosage does not lead to increase of dyes removal percentage.
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Fig. 2. Effect of biosorbent dosage (q) on the MB (a) and AR (b) removal () onto biosorbents
Adsorption kinetics is important in characterizing the efficiency of an adsorbent for use in the adsorption process. Determination of best-fit kinetic model is the most common way to predict the optimum adsorption kinetic expression. The experimental kinetic curves of dyes adsorption onto the studied biosorbents were analyzed with the pseudo-first and pseudosecond order kinetic equations. 
where A e and A -amount of the dye adsorbed on the adsorbent at equilibrium and various time t, respectively; k 1 -adsorption rate constant of pseudo-first order model; k 2 -the adsorption rate constant of pseudo-second order model. The kinetic curves of cationic and anionic dye adsorption on biosorbents are well described by a pseudo-second order kinetic equation (Tables 2, 3) . The values A e,cal and values of correlation coefficients showed that the data conformed well to the pseudo-second order kinetic model. 
